The purpose of this study was to determine whether statin treatment is effective and safe in very elderly (80 years and older) acute myocardial infarction (AMI) patients.
Background
Elderly individuals constitute an increasing percentage of patients admitted to hospitals for AMI. Despite that these patients have a higher mortality risk, the application of evidence-based medicine remains much lower than for younger patients.
Methods
We included all patients 80 years and older who were admitted with the diagnosis of AMI in the Register of Information and Knowledge About Swedish Heart Intensive Care Admissions between 1999 and 2003 (n ϭ 21,410). Of these, complete covariate and follow-up data were available for 14,907 patients (study population A). To limit the bias related comorbidity on statin therapy, we also performed analyses excluding patients who died within 14 days of the acute event (study population B) and all patients who died within 365 days (study population C). A propensity score was used to adjust for initial differences between treatment groups.
Results
All-cause mortality was significantly lower in patients receiving statin treatment at discharge in study population A (relative risk: 0.55, 95% confidence interval: 0.51 to 0.59), in study population B (relative risk: 0.65; 95% confidence interval: 0.60 to 0.71), and in study population C (relative risk: 0.66; 95% confidence interval: 0.59 to 0.76). Similar observations were made for cardiovascular mortality as well as for AMI mortality. There was no increase in cancer mortality in statin-treated patients.
Conclusions
Statin treatment is associated with lower cardiovascular mortality in very elderly post-infarction patients without increasing the risk of the development of cancer. With increased life expectancy, the population of older patients is growing and cardiovascular disease remains the major cause of mortality in this age group. More than 80% of all coronary deaths occur in patients older than the age of 65 years (1) . Despite that elderly patients with acute coronary syndromes have a higher short-and long-term mortality risk, the application of evidence-based medicine remains much lower than for younger patients (2) (3) (4) (5) (6) . A large number of clinical trials have established that treatment with lipid-lowering statins significantly reduces cardiovascular mortality in post-myocardial infarction patients (7) . However, data from observational studies such as GRACE (Global Registry of Acute Coronary Events) (8) and the Euro Heart Survey on ACS (9) suggest that Ͻ40% of myocardial infarction patients older than 75 years are prescribed statins at discharge. Several circumstances may to contribute to a lower use of statins in elderly postmyocardial infarction patients. The association between plasma cholesterol and cardiovascular risk diminishes with increasing age (10, 11) , and most lipid trials have excluded older patients. There may also be the fear of more side effects when treating older patients. The PROSPER (PROspective Study of Pravastatin in the Elderly at Risk) is the only randomized, controlled trial that specifically studied the effect of statin treatment in older (70 to 82 years) patients (12) . In this trial, treatment with 40 mg pravastatin daily was found to reduce fatal/nonfatal cardiovascular events by 15% and fatal/nonfatal acute myocardial infarction (AMI) by 19%, but pravastatin treatment was also associated with a 25% increase in cancer incidence. Although meta-analyses of all major statin trials have shown no increase in cancer incidence (12) , it cannot be excluded that older patients are at higher risk in this respect. In the present study, we used the Register of Information and Knowledge About Swedish Heart Intensive Care Admissions (RIKS-HIA) to analyze the association of statin treatment with all-cause mortality, cardiovascular mortality, and cancer mortality in a cohort of 14,907 very elderly (80 years and older) myocardial infarction patients.
Methods

RIKS-HIA.
RIKS-HIA includes all consecutive patients admitted to the coronary care units of all participating Swedish hospitals. Data on approximately 100 different variables regarding baseline characteristics, examinations, interventions, and complications in hospital and discharge medication and diagnosis were reported in case records, as described elsewhere (13) . The variables in RIKS-HIA comply with the international Cardiology Audit and Registration Data Standards). To ensure the validity of the information entered into the database, a single specially trained monitor visited participating hospitals and compared information in the patient records, including electro- Values median (interquartile range) or % (n). ACE ϭ angiotensin-converting enzyme; ASA ϭ acetylsalicylic acid; CABG ϭ coronary artery bypass grafting; COPD ϭ chronic obstructive pulmonary disease; MI ϭ myocardial infarction; PCI ϭ percutaneous coronary intervention. were adjusted for and specific cause of death in those who died during follow-up, leaving 14,907 patients for survival analyses (study population A) (Table 1) . Furthermore, to limit the bias related to effects of short life expectancy and comorbidity on physicians' choice of treatment, we excluded patients who died within 14 days from baseline (study population B) (Online Table 1 ) and all patients who died within 365 days (study population C) ( Table 1 ). The study design is summarized in Figure 1 . Cardiovascular drug therapies were entered in a structured formula on admission and at discharge. We used data from the Swedish National Patient Register to record a diagnosis of stroke, kidney failure, chronic obstructive pulmonary disease, dementia, congestive heart failure, myocardial infarction, peripheral artery disease, and cancer before the registration in RIKS-HIA. Follow-up and end points. Patients were followed for end points with a median follow-up time of 296 days (interquartile range: 44 to 738 days, maximum of 5 years) by linking the Swedish 10-digit personal number with the Swedish National Cause of Death Register and the National Patient Register from baseline until the time of first event, death, or until December 31, 2003. End points were defined according to the International Classification of Diseases 10th Revision. Mortality end points were retrieved from the Swedish National Cause of Death Register with codes I21-I22 defining AMI mortality, codes I00-I99 defining cardiovascular mortality, and codes C00-D48 defining cancer mortality. In analyses of fatal and nonfatal AMI, end points were defined as codes I21-I22 in the National Patient Register or Swedish National Cause of Death Register. The date of hospital discharge was defined as the baseline. Statistical analysis. Apart from exclusion of patients with short survival time (i.e., restricting the study population to study populations B and C), we attempted to further decrease bias related to comorbidities and the physicians' probability to prescribe statins at discharge by creating and adjusting for a propensity score.
The propensity score is defined as the conditional probability to receive treatment given the known baseline characteristics. At best, the propensity score captures all the initial differences among the treatment groups in 1 score that can be used for adjustments in subsequent analyses. The propensity score was estimated using a logistic regression model including the baseline variables, including cardiovascular medications at admission, as presented in Table 1 .
We used Cox regression models to establish the relationship between statin treatment at the time of discharge and time to event. The models included other cardiovascular medications at discharge (beta-blockers, acetylsalicylic acid, other platelet inhibitors, and angiotensin-converting enzyme inhibitors), statin treatment on admission, the propensity score, and year of admission. The results are Patients excluded because of death between day 15 and 365 n = 5582
Patients excluded because of death within 14 days n = 2587
Patients excluded due to missing data on covariates or specific cause of death n = 6503
Figure 1 Flowchart of Current Study Populations
The target population was composed of patients 80 years and older who were admitted with the diagnosis of acute myocardial infarction in the Register of Information and Knowledge of Swedish Heart Intensive Care Admissions.
presented as relative risk (RR) and 95% confidence interval (CI). All statistical analyses were done using R version 2.8.1 (R Foundation for Statistical Computing, Vienna, Austria).
Results
Of the total number of patients in study population A (n ϭ 14,907), 8,817 (59.1%) patients died during follow-up. Of those who died, 6,929 (78.6%) patients died of cardiovascular causes (myocardial infarction, other ischemic heart diseases, congestive heart failure, stroke, cardiac arrhythmias, and other cardiac causes), 4,423 (50.2%) patients died of myocardial infarction, and 477 (5.4%) patients died of cancer. Because a significant proportion of the original study population was excluded due to missing data, we compared demographic and risk factor variables between those with complete data (n ϭ 14,907) and those excluded due to missing data (n ϭ 6,503). In general, the patients with missing data (Online Table 2 ) had a higher burden of prevalent disease compared with patients with complete data (Table 1 ). All-cause mortality was markedly lower in patients receiving statin treatment at discharge in study populations A, B, and C (Table 2, Fig. 2) . However, the RR for mortality associated with statin treatment was clearly dependent on whether patients who died early after discharge were excluded (Fig. 3) . The RR reduction for mortality in statintreated compared with non-statin-treated patients seemed to be less pronounced in study population B than in study population A, and it decreased even further as we excluded patients who died during the first 180 days from baseline in RR ϭ relative risk; trunc ϭ truncation time; trunc ϭ 0 days ϭ all patients included in analysis; trunc ϭ 14 days ϭ patients who died within 14 days after discharge were excluded from analysis; trunc ϭ 365 days ϭ patients who died in 365 days after discharge were excluded from analysis. *Study population A refers to entire study population; study population B refers to patients who survived at least 14 days after discharge; study population C refers to patients who survived at least 365 days after discharge. †Expressed as multiples of 1,000 person-years. ‡Crude RR is calculated as the ratio of events per 1,000 person-years between the statin and the no statin treatment groups. §All Cox regression models were adjusted for cardiovascular medications other than statins at discharge (beta-blockers, acetylsalicylic acid, other thrombocyte inhibitors, and angiotensin-converting enzyme inhibitors), statin treatment on admission, the propensity score, and year of admission. AMI ϭ acute myocardial infarction; CVD ϭ cardiovascular disease; LCL ϭ lower 95% confidence interval; RR ϭ relative risk; UCL ϭ upper 95% confidence interval.
Mortality Outcome in Elderly Post-MI Patients Discharged With or Without Statins
a stepwise manner. This suggested that part of the statistical relationship between statin treatment and mortality was attributed to bias related to comorbidities and the physicians' inclination to prescribe statins at discharge. Exclusion of all patients who died during the first year from baseline did not seem to further influence RR for mortality in statin-treated versus nonstatin-treated patients, suggesting that such bias was of less importance in study population C compared with study populations A and B (Fig. 3) . We subsequently performed stratified analyses in patients belonging to different quartiles of the propensity score, in those with and without myocardial infarction or congestive heart failure before admission, and by sex in study population C. The lower risk of all-cause mortality in patients treated with statins compared with those not treated with statins was significant in all these subgroups except in the lowest quartile of the propensity score (Table 3) .
In study population C, the RR of cardiovascular mortality as well as AMI mortality was markedly lower in patients treated with statins compared with patients not treated with statins at discharge (Figs. 4 and 5) . Results were similar in study populations A and B ( Table 2 ). The RR for the combination of fatal and nonfatal AMI during follow-up was reduced to a somewhat lesser degree compared with the RR for AMI mortality in study population C (RR: 0.69; 95% CI: 0.56 to 0.84), study population B (RR: 0.84; 95% CI: 0.76 to 0.92), and study population A (RR: 0.70; 95% CI: 0.65 to 0.76).
There was no increase in cancer mortality in statintreated compared with non-statin-treated patients regardless of whether patients who died at different times during the first year from baseline were excluded, and it was even lower in statin-treated patients in study populations B and A ( Table 2 ). The RR for cancer mortality was similar in statin-treated and nonstatin-treated patients in study population C (Table 2, Fig. 6 ).
Discussion
This large observational study with complete long-term follow-up for up to 5 years (median 296 days) provides strong evidence of an association between statin treatment in very elderly (80 years of age and older) post-myocardial infarction patients and reduced cardiovascular mortality. Statin treatment at hospital discharge after AMI was associated with a reduction of all-cause mortality by 42% in the entire study cohort and by 34% if the analysis was restricted to patients who survived at least 1 year after the event. A total of 9,576 patients died during follow-up and 76.3% of these died of cardiovascular disease. Statin treatment was associated with a reduction of cardiovascular mortality by 41% and AMI mortality by 44% in the entire cohort and by 37% and 37%, respectively, in the cohort of patients surviving at least 1 year. Collectively, these observations suggest that the protective effect of statin treatment in very elderly patients post-myocardial infarction is of a similar relative magnitude as that demonstrated in randomized clinical trial for middle-age subjects (7) and that it may in absolute terms be even greater. Although the present study did not include patients younger than 80 years of age, it is of interest to note that a previous study of RIKS-HIA patients younger than 80 years of age revealed a 25% reduction of mortality in subjects prescribed a statin at discharge (13) .
Patients discharged on statin treatment were more likely to have been taking statins at hospital admission (Table 1) . It has been reported that pre-treatment with statins is associated with smaller myocardial infarction size (14, 15) , 
Figure 3 RR of Mortality After Stepwise Exclusion of Patients Who Died Early After Discharge
Relative risk (RR) (with 95% confidence intervals as vertical bars) of all-cause mortality for patients discharged with statins after truncation of the study population at 0, 7, 14, 30, 60, 90, 180, and 365 days after discharge. Only patients who survived at least as long as the respective truncation time are included in the analysis. Adjustments were done using the propensity score.
Relative Risk of All-Cause Mortality for Different Subgroups in Population C* Table 3 Relative Risk of All-Cause Mortality for Different Subgroups in Population C* *Study population C refers to patients who survived at least 365 days after discharge. Q1 ϭ first quartile; Q2 ϭ second quartile; Q3 ϭ third quartile; Q4 ϭ fourth quartile; other abbreviations as in Table 2 .
and there is also evidence from the follow-up of randomized trials of a long-term protective carryover effect of statins (16) . Accordingly, there is a possibility that a more frequent statin pretreatment may have contributed to the increased survival observed in patients discharged on statin treatment. However, we did not observe an association between statin treatment at hospital admission and increased follow-up survival in the present study (data not shown).
Despite a higher risk (3, 8, 9) , older AMI patients are less likely to receive evidence-based medication (4). In accordance, only 1 of 4 patients in the present study population received statins at discharge. One factor that may contribute to the lower use of evidence-based medicine in this age group is that controlled intervention trials mostly have excluded older patients. Only 1 randomized clinical statin trial, PROSPER (12), was restricted to older patients (70 to 82 years). This study, which included both primary and secondary prevention cohorts, showed a 15% reduction in cardiovascular events in the statin group but no effect on all-cause mortality. The Heart Protection Study was not designed to specifically address the effect of statin treatment in elderly patients, but a subgroup analysis of subjects between 70 and 80 years of age at baseline demonstrated an RR reduction equal to that for younger patients in the trial (17) . Another factor that may have contributed to the lower prescription of statins to elderly post-AMI patients is the concern for an increased risk of cancer. The potential of an increased risk of cancer by cholesterol-lowering treatment was widely debated in the pre-statin era. Although metaanalysis of long-term statin trials have revealed no support for an increased cancer risk (18 -20) , the observation of a higher incidence of cancer in the pravastatin group of the PROSPER trial raised concerns that elderly patients could be at particular risk. Reports of inverse associations between plasma cholesterol and cancer rates in older persons (10) have also argued for precautions in treating elderly patients with statins. In the present studies that included statintreated post-AMI patients older than 80 years of age, we Statin Treatment in Elderly Post-MI Patients observed no increase in cancer mortality. In contrast, in an analysis including the entire population of post-AMI patients for whom complete data were available (study population A; n ϭ14,907), we observed a decreased incidence of cancer mortality among subjects receiving statin treatment (RR: 0.65; 95% CI: 0.49 to 0.86). However, no reduction of cancer mortality rates was observed in statin-treated patients if the study population was restricted to subjects surviving at least 1 year after the acute event. Study limitations. There are several limitations of the present study that need to be considered. First, the inherent limitations of a nonrandomized registry study should be acknowledged. Despite appropriate statistical adjustments, unknown confounders may have affected the results. Although our analyses included controlling for the prevalence of cancer at the original admission, it is likely that the lower incidence of cancer mortality among patients given statins in study population A in some way reflects a bias in not prescribing preventive treatment to patients with decreased life expectancy. It is also necessary to critically consider whether the reduced cardiovascular mortality observed among elderly statin-treated post-AMI patients in the present study can be explained by a similar bias. However, the fact that statin treatment remained significantly associated with lower cardiovascular mortality risk also when all subjects who died during the first year were excluded argues against this possibility. Moreover, a propensity score was used to statistically control for the possible influence of baseline factors associated with the increased probability of being prescribed statin treatment. Another limiting factor of this study is that data regarding drug treatment are based solely on hospital discharge records. Accordingly, it can be assumed that some of the patients who were prescribed statins stopped taking the medication during the follow-up period and also that some patients discharged without statins began taking the medication at a later stage. However, assuming that this is correct, such a bias is likely to reduce the difference in cardiovascular mortality between the groups. It has also been reported that elderly patients have a higher compliance with statin medication (21, 22) . Finally, it should be kept in mind that the short median follow-up time of the present study may not be sufficient to accurately assess a possible association between statins and cancer mortality in elderly patients.
Conclusions
The present observational study strongly supports the concept that statin treatment provides cardiovascular protection in very elderly post-infarction patients without increasing the risk of the development of cancer.
